In this review, we collected data on the age at maturity (t m ) and maximum reported age (t max ) for 235 stocks of Mediterranean marine fishes, belonging to 82 species, 37 families, 12 orders and 2 classes (Actinopterygii and Elasmobranchii). Among Actinopterygii (mean t m ± SD = 2.20 ± 1.43 y, n = 215), t m ranged from 0.3 y, for the common goby Pomatoschistus microps, to 12 y, for the dusky grouper Epinephelus marginatus, while among Elasmobranchii (mean t m ± SD = 5.94 ± 2.47 y, n = 20), t m ranged between 2.7 y, for brown ray Raja miraletus, and 12 y for the picked dogfish Squalus acanthias. Overall, t max ranged between 1 y, for the transparent goby Aphia minuta, and 70 y, for the wreckfish Polyprion americanus. Mean t max of Actinopterygii (t max ± SD = 10.14 ± 9.42 y) was lower than that of Elasmobranchii (t max ± SD = 14.05 ± 8.47 y); t m exhibited a strong positive linear relation with t max for both Actinopterygii (logt m = 0.58 x logt max -0.25, r 2 = 0.51, P < 0.001) and Elasmobranchii (logt m = 0.67 x logt max -0.006, r 2 = 0.51, P = 0.007). Mean t m /t max did not differ significantly with sex within Actinopterygii (ANOVA: F = 0.27, P = 0.60, n = 90; females: mean ± SD = 0.276 ± 0.143; males: mean ± SD = 0.265 ± 0.138) and Elasmobranchii (ANOVA: F = 1.44, P = 0.25, n = 10; females: mean ± SD = 0.499 ± 0.166; males: mean ± SD = 0.418 ± 0.133). Finally, the dimensionless ratio t m /t max was significantly lower (ANOVA: F = 31.04, P < 0.001) for Actinopterygii (mean ± SD = 0.270 ± 0.135, n = 180) than for Elasmobranchii, (mean ± SD = 0.458 ± 0.152, n = 20), when stocks with combined sexes were excluded from the analysis.
Introduction
The reproductive life history characteristics of stocks, such as spawning period (Tsikliras et al., 2010) , length at maturity (Tsikliras & Stergiou, 2014) and fecundity (Despoti & Stergiou, 2013) are important for assessing the effects of fishing on populations and ecosystems (Jennings et al., 1998) . Age at maturity (t m ) is a key element of the life history strategies of fishes and has been widely used in modelling and grouping fish species based on their traits (Winemiller & Rose, 1992; Rochet, 2000; King & McFarlane, 2003) , as well as a stress indicator for fisheries (Trippel, 1995) . Olsen et al. (2004) have shown that simultaneous decreases in growth rate and t m are evidence of fishery-induced evolution in Atlantic cod (Gadus morhua) following population decrease that has been attributed to overfishing. The t m is also essential in demographic analyses (Chen & Yuan, 2006) being the lower limit of generation time (= the mean age of the spawning stock), which is highly correlated with the intrinsic rate of population growth (Ainsley et al., 2011) .
The availability of t m estimates is limited compared to length at maturity data (Tsikliras & Stergiou, 2014) because it requires either ageing of caught individuals or knowledge of the local growth parameters in order for t m to be estimated from the corresponding length at maturity. Therefore, the literature on the variability of t m among families and orders of fish is rather scarce. Jennings et al. (1998) analyzed the life history traits of 18 fish stocks and report that stocks with high t m , such as rays and skates, tend to decline more than expected from their rates of fishing mortality. Recently, Drazen & Haedrich (2012) analyzed the life history characteristics of 41 deep-sea demersal fishes and report that t m increases with depth.
This review article is the third in the series of reviews on the reproductive biology of Mediterranean marine fishes, the first being by Tsikliras et al. (2010) on their spawning period, and complements the review on the size at maturity of Mediterranean fishes (Tsikliras & Stergiou, 2014) .
The aim of the present work was to collect the available data on the age at maturity (t m , y) and maximum reported age (t max , y) for Mediterranean marine fish stocks and study: (a) the phylogenetic (between classes), sexual (between sexes) and habitat (among habitats -only for Actinopterygii) variability of t m , (b) the relationship between t m and t max per class and (c) the dimensionless ratio t m /t max per class and sex, which shows the proportion of lifespan that is covered before and after maturation. The compilation of such a dataset is also important for setting historical baselines against which future estimates of t m can be compared in order to define trends in t m with time (i.e. shifting baselines : Pauly, 1995) .
Materials and Methods
The available and accessible information on t m of Mediterranean marine fishes were extracted from journals, conference proceedings, theses, and technical reports for the period up to December 2013. The dataset also includes some stocks from the Marmara Sea, SE Black Sea, Suez Canal, and Bay of Cadiz because of their close proximity to the openings of the Mediterranean Sea (Table 1) . Fish were classified in classes (Actinopterygii: actinopterygians or ray-finned fishes; Elasmobranchii: elasmobranchs or sharks, rays and skates), orders and families based on Eschmeyer (2012) . Valid species names and authorities were according to FishBase (www. fishbase.org; Froese & Pauly, 2014) . All ages were converted to years (y).
In the literature, there are several measures or definitions of sexual maturity (Binohlan, 1998; Tsikliras & Stergiou, 2014) . When it comes to age at maturity, the most common definition is the median or mean age at which 50% of the population becomes mature for the first time, i.e. the age of first maturity (Tsikliras et al., 2013a) .
We also collected information on t max (also in y) either from the original article or when not available from FishBase (Froese & Pauly, 2014 ) and consequently we computed the dimensionless ratio t m /t max . Additional information on the sampling procedure and habitat of each stock was recorded and, for the vast majority of stocks, is given in detail in Tsikliras & Stergiou (2014) . Such information included country and specific location of sampling, duration and frequency of sampling, sex of specimens, number of individuals collected and sampling gear ( Table 1 ). The habitat of each species was assigned based on the habitat information provided in FishBase (Froese & Pauly, 2014) : demersal (D), pelagic (P), reef-associated (R), benthopelagic (BEP), bathydemersal (BAD) and bathypelagic (BAP). Although there are some inaccuracies regarding habitat allocation in FishBase, we decided to follow the habitat preferences exactly as they appear in FishBase for comparability purposes with previous articles and FishBase itself.
Analysis of variance (ANOVA) and covariance (AN-COVA) were used to compare means and regression lines, respectively. Fisher's Least Significance Difference (LSD) test was used to test for differences in the means between variables in multiple comparisons.
Results
Perciformes were the most represented order (128 stocks; 54.5% of the total) of the dataset, Sparidae the most represented family (38 stocks; 16% of the total) and Trachurus trachurus the most represented species (17 stocks) (Table 1) .
Overall, we collected data on t m for 235 stocks, belonging to 82 species, 37 families, 12 orders and 2 classes (Table 1) . Among Actinopterygii (n = 215), t m ranged from 0.3 y, for the common goby Pomatoschistus microps, to 12 y for the dusky grouper Epinephelus marginatus, while among Elasmobranchii (n = 20), it ranged between 2.7 y, for the brown ray Raja miraletus, and 12 y for the picked dogfish Squalus acanthias. The mean t m ± SD was 2.20 ± 1.43 y for Actinopterygii and 5.94 ± 2.47 y for Elasmobranchii (Table 1 ). The t max ranged between 1 y, for the transparent goby Aphia minuta, and 70 y, for the wreckfish Polyprion americanus. Mean t max was lower for Actinopterygii (t max ± SD = 10.14 ± 9.42 y) compared to Elasmobranchii (t max ± SD = 14.05 ± 8.47 y). The frequency distribution of t m was unimodal for both classes, with a peak at 2 y for Actinopterygii and a peak at 5 y for Elasmobranchii (Fig. 1) .
The t m exhibited a strong positive linear relation with t max for both Actinopterygii and Elasmobranchii (Fig. 2) . The slopes of the relations did not differ between Actinopterygii and Elasmobranchii (ANCOVA: F = 0.16, P = 0.69) but the intercepts did (ANCOVA: F = 72.45, P < 0.001). The empirical equations on the logarithmic values were (the non-transformed equations are also given for comparability purposes):
Actinopterygii logt m = 0.58 x logt max -0.25, r 2 = 0.51, P < 0.001, n = 215 (t m = 0.11 x t max + 1.10) (Froese & Pauly, 2014) . 173 Sphyraenidae
Sphyraena chrysotaenia
Mediterranean coast P F 27.0 Wadie et al. (1988) 174
Mediterranean coast P M 27.0 Wadie et al. (1988) 175
Gulf of Gabès Kartas & Bondka (1986) 181 Xiphiidae
Xiphias gladius
Ligurian Sea (t m = 0.23x t max + 2.72) Mean t m /t max was not significantly different (ANOVA: F = 0.27, P = 0.60) between female (mean ± SD = 0.276 ± 0.143, n = 90) and male (mean ± SD = 0.265 ± 0.138, n = 90) Actinopterygii (Fig. 3) . Similarly, mean t m /t max was not significantly different (ANOVA: F = 1.44, P = 0.25) between female (mean ± SD = 0.499 ± 0.166, n = 10) and male (mean ± SD = 0.418 ± 0.133, n = 10) Elasmobranchii (Fig. 3) . Consequently, sexes were combined per class and mean t m /t max was then compared between classes. Mean t m /t max was significantly higher (ANOVA: F = 31.04, P < 0.001) in Elasmobranchii (mean ± SD = 0.458 ± 0.152, n = 20) compared to Actinopterygii (mean ± SD = 0.270 ± 0.135, n = 180) (Fig. 4) .
With respect to habitat, the mean t m /t max of Actinopterygii ranged between 0.06 and 0.43 for benthopelagic (BEP: mean ± SD = 0.22 ± 0.086, n = 23), between 0.06 and 0.75 for demersal (D: mean ± SD = 0.29 ± 0.142, n = 107), between 0.09 and 0.70 for pelagic (P: mean ± SD = 0.28 ± 0.143, n = 63), and between 0.10 and 0.27 for reef-associated stocks (R: mean ± SD = 0.19 ± 0.053, n = 16) (Fig. 5) . Elasmobranchii (n = 20) as well as bathydemersal (BAD: n = 3) and bathypelagic (BAP: n = 3) actinopterygian stocks were excluded from this comparison because of their small sample size. Overall, mean t m /t max values were significantly different among the four habitat categories of Actinopterygii (ANOVA: F = 3.67, P = 0.013). Based on Fisher's LSD test, there were no differences in the means between benthopelagic and reef-associated (BEP and R), between benthopelagic and pelagic (BEP and P) and between demersal and pelagic (D and P) stocks, whereas reef-associated stocks, which had the lowest mean t m /t max , differed significantly from demersal and pelagic ones (Fig. 5) .
Discussion
The ranges of t m values reported in the present work for Mediterranean marine fishes fall within the previously reported range of t m values for actinopterygian and elasmobranch fishes. Actinopterygii generally mature earlier in life compared to Elasmobranchii (Goldman et al., . For the latter, t m is variable, and has been reported to range from 2 to 26 y in 18 populations of 15 species (Chen & Yuan, 2006) . The same range has been reported by Cailliet & Goldman (2004) , with a bimodal distribution with one peak at 5-6 y and a second one at 15-25 y. Higher t m values have been reported for long-lived elasmobranchs, such as the whale shark Rhincodon typus (> 22 y) and the picked dogfish Squalus acanthias (25-26 y) (Chen & Yuan, 2006; Dulvy et al., 2008) . Similarly, for long-lived actinopterygians, such as the bluemouth rockfish Helicolenus dactylopterus, ages at maturity higher than 15 y are known (Kelly et al., 1999) . In their work, that reviewed the life history traits of 41 actinopterygian species, Drazen & Haedrich (2012) report that t m ranges between 2 and 36 y, with six species having t m that exceeds 20 y and five species having t max that exceeds 100 y. A similar range of ages at maturity (0.5 to 35.5 y) has been reported by He & Stewart (2001) in their review of 235 fish stocks, including marine and freshwater finfishes, as well as a few elasmobranchs. It seems that, at least regarding elasmobranchs, and considering their small sample size in the present work, long-living, late-maturing sharks are rare in the Mediterranean Sea. Given that the larger elasmobranchs are more susceptible to overfishing (Dulvy et al., 2014) , this under-representation may be due to their overexploitation that is known to occur in the Mediterranean (Stergiou & Tsikliras, 2011; Tsikliras et al., 2013b) .
The positive relation between t m and t max (Fig. 2 ) confirms the general pattern that longer-lived species mature later and grow slower compared to their shorterlived counterparts (Frisk, 2010) . Indeed, elasmobranchs are located at the upper end of that spectrum (Fig. 2) . A significant positive relation between longevity (t max ) and t m has been reported previously for female and male batoids (females: t m = 0.57 · t max + 1.02; males: t m = 0.57 · t max + 0.47) (Frisk, 2010) . The empirical relation between t m and t max can be used for estimating t m for species for which only t max is known.
The dimensionless t m /t max ratio shows that actinopterygians mature very early, at around 1/3 of t max, within their lifespans. In contrast, elasmobranchs mature later, close to 1/2 of their t max . Similar results have been reported for several shark and skate stocks with this ratio being generally higher for skates than for other elasmobranch groups and teleosts generally (Frisk, 2010) . In general, the onset of maturity may depend mainly on age for short-lived species that mature early, and mainly on size for their longer-lived, late-maturing counterparts, with developmental or genetic constraints more evident in longer lived species (Archibald et al., 1983; Roff, 1983) . There are benefits and costs associated with reproducing early or late in life. Benefits associated with early maturity include increased probability of surviving to reproduce and reduced generation time, while the costs of early maturity include reduced survival and fecundity later in life (Roff, 1992) . High adult mortality, as a result of fishing, may favour earlier maturation (Rochet, 1998) . Such a cost of reproduction, i.e. a trade-off between present reproductive effort and future age-specific reproductive success, is evident across animals (Williams, 1966; Bell, 1980) .
Although t m might differ between sexes, the fact that, in the present work, we found no difference in the t m /t max ratio between males and females within both classes, may simply be attributed to the fact that t m and t max vary simultaneously and, within species, are determined by the corresponding growth and mortality patterns (e.g. Tsikliras et al., 2007; Gislason et al., 2010) . For instance, a male that matures earlier will experience higher future mortalities and will have a shorter lifespan compared to a female that will mature later (e.g. Tsikliras & Koutrakis, 2013) , i.e. age at maturity may co-vary with maximum age and, in the same way, size at maturity co-varies with asymptotic length (Beverton, 1992) . Thus, the t m /t max ratio will remain the same and bi-maturism will be absent, as has been reported to occur for the length at maturity to maximum reported length (L m /L max ) ratio (Tsikliras & Stergiou, 2014) .
With the exception of reef-associated species, which exhibited the lowest t m /t max values, the t m /t max ratio of actinopterygians remained rather constant among the remaining habitat categories (Fig. 5) and had similar values with the overall t m /t max ratio for actinopterygians. A similar constancy among habitat categories has been reported for the L m /L max ratio of Mediterranean marine fishes (Tsikliras & Stergiou, 2014) . Although there are several large-sized, long-lived, and late-maturing reef-associated species (e.g. groupers) in the Mediterranean Sea, in the present dataset these species were rare in favour of smalland medium-sized reef inhabitants (Table 1) . This might explain the lower t m /t max ratio for reef-associated species. Drazen & Haedrich (2012) report that t m increases with depth but in our dataset there are no real deep-water species given that most of the species are commercial living on the continental shelf. Thus, we could not test this hypothesis. Besides deep-water species, special or complex cases of reproductive strategies, such as hermaphrodism and strategies involving spawning migrations were also rare in the dataset. Such strategies could also result in deviations from the general pattern that is presented here.
Finally, it should be noted that length at maturity and t m should be independently estimated in reproductive biology, instead of t m being indirectly estimated from the von Bertalanffy growth equation. This is because the growth trajectory may differ as a result of quicker or slower rates of approaching asymptotic lengths among individuals (He & Stewart, 2001) . Hence, maturity can be reached at same length and different age and vice versa (Kozlowski, 1996) .
